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DATA TRANSMISSION APPARATUS, 
PHOTOEIiECTRXC CONVERSION CIRCUIT AND TEST APPARATUS 

[0001] The present application is a continuation 

application of POT/ JP02/10245 filed on October 2, 2002, which 
claims priority from a Japanese Patent application No. 
2001-312050 filed on October 9, 2001^ the entire contents of 
which are incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The present invention relates to a photoelectric 

conversion circuit for performing photoelectric conversion, a 
data transmission apparatus for performing data transmission^ 
and a test apparatus for testing an electronic device. More 
particularly, the present invention relates to a data 
transmission apparatus based on optical transmission. 

RELATED ART 

[0003] In data communication, the trend towards higher 

speed and larger capacity is recently significant • In short 
distance transmission such as indoor transmission, parallel 
optical transmission is now the prevailing method, when 
performing large-sized data communication at high speed . A data 
transmission apparatus for performing data transmission by the 
parallel optical transmission includes a plurality of channels, 
each of which consists of a laser diode, an optical fiber, and 
aphotodiode, and uses the channels to perform data transmission, 
[0004] In accordance with the trend towards high speed 

data communication, however, there occurs a problem of skew 



between the channels. For example^ due to the skew^ the speed 
of data communication is restricted. In the conventional data 
transmission apparatus, a complicated framing circuit and a 
coding circuit are provided to the transmitter side, whereas 
an encoding circuit being provided to the receiver side , to reduce 
the skew^ but there occurs a problem that the power consumption 
is high^ and the response decreases. 

[0005] Also, even in the test apparatus to test the 

electronic device, in accordance with the trend towards a high 
speed device under test and a small-sized test apparatus, it 
is desirable that a data transmission apparatus used for data 
communication have high speed, small size, high density, and 
low power consumption characteristics. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of thepresent invention 

to provide a data transmission apparatus, a photoelectric 
conversion circuit, and a test apparatus, which is capable of 
overcoming the above drawbacks accompanying the conventional 
art . The above and other ob j ects can be achieved by combinations 
described in the independent claims. The dependent claims 
define further advantageous and exemplary combinations of the 
present invention, 

[0007] In order to solve the problems above, according 

to the first aspect of the present invention, a data transmission 
apparatus for performing data communication based on optical 
transmission includes a transmitting unit for converting and 
sending electric communication data, which is to be transmitted, 
into optical communication data, a photoelectric conversion 
circuit for receiving the optical communication data and 



converting the received optical communication data into the 
electric communication data^ and a variable setting unit for 
setting the photoelectric conversion circuit to generate 
predetermined electric communication data in response to a level 
of predetermined optical communication data. 
[0008] The photoelectric conversion circuit may include 

a light receiving unit for generating a current based on the 
received optical communication data, and a signal generating 
unit for generating the electric signal based on the current 
generated by the light receiving unit, and the variable setting 
unit may include a variable current supply for setting the 
photoelectric conversion circuit by subtracting a predetermined 
current value from a current value indicating magnitude of the 
current generated by the light receiving unit. 
[0009J The photoelectric conversion circuit may include 

a light receiving unit for generating a current based on the 
received optical communication data, and a comparator for 
comparing a current value, which indicates magnitude of the 
current generated by the light receiving unit, with a reference 
current and generating the electric coiranunication data, and the 
variable setting unit may include a variable current supply for 
setting the photoelectric conversion circuit by adding a 
predetermined current value to the reference current. 
[0010] The data transmission apparatus may further include 

a plurality of the transmitting units, a plurality of optical 
waveguides for propagating pieces of the optical communication 
data sent from the transmitting units respectively, and a 
plurality of the photoelectric conversion circuits in response 
to the transmitting units respectively, wherein each of the 
variable setting units of the photoelectric conversion circuits 
may set the corresponding photoelectric conversion circuit to 



generate predetermined electric communication data in response 
to a level of predetermined optical communication data, 
[0011] The variable setting unit may set the photoelectric 

conversion circuit based on a transmission delay time of the 
optical communication data and electric communication data 
between the corresponding transmitting unit and photoelectric 
conversion circuit. 

[0012] The variable setting unit may set the photoelectric 

conversion circuit further based on attenuation of the optical 
communication data with regard to the corresponding optical 
waveguide . 

[0013] The variable setting unit may set the photoelectric 

conversion circuit further based on electro-optic conversion 
efficiency of the electric communication data with regard to 
the corresponding transmitting unit. 

[0014] The variable setting unit may set the photoelectric 

conversion circuit further based on photoelectric conversion 
efficiency of the optical communication data with regard to the 
corresponding photoelectric conversion circuit. 

[0015] The optical communication data may be digital data, 

and the variable current supply may subtract a current value, 
which is substantially half the current generated by the light 
receiving unit when the optical communication data indicates 
H logic^ from the current value generated by the light receiving 
unit. 

[0016] The optical communication data may be digital data, 

and the variable current supply may subtract a substantially 
average current value of the current^ which is generated by the 
light receiving unit when the optical communication data 
indicates H logic, and the current, which is generated by the 
light receiving unit when the optical communication data 



indicates L logic, from the current value indicating the 
magnitude of the current generated by the light receiving unit, 
[0017] The optical communication data may be digital data, 

and the variable current supply may add a current value, which 
is substantially half the current generated by the light 
receiving unit when the optical communication data indicates 
H logic^ to a value of the reference current, 
[0018] The optical communication data maybe digital data, 

and the variable current supply may add a substantially average 
current value of the current, which is generated by the light 
receiving unit when the optical communication data indicates 
H logic, and the current, which is generated by the light receiving 
unit when the optical communication data indicates L logic, to 
a value of the reference current. 

[0019] The transmitting unit may include a laser diode 

for generating the optical communication data based on the 
electric communication data, and a bias current supply for 
supplying a bias current larger than a laser oscillation 
threshold current of the laser diode to the laser diode. 
[0020] According to the second aspect of the present 

invention, a test apparatus for testing an electronic device 
includes a pattern generating unit for generating a test signal 
to test the electronic device, a waveform adjusting unit for 
adjusting the test signal, a test head for contacting the 
electronic device, a data transmission apparatus for 
transmitting data between the waveform adjusting unit and the 
test head, anda judging unit for judging quality of the electronic 
device based on an output signal outputted by the electronic 
device in response to the test signal, wherein the data 
transmission apparatus includes a transmitting unit for 
converting and sending the test signal into optical communication 
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data, a photoelectric conversion circuit for receiving the 
optical communication data and converting the received optical 
communication data into the test signal, and a variable setting 
unit for setting the photoelectric conversion circuit to generate 
a predetermined test signal in response to a level of 
predetermined optical communication data. 

[0021] According to the third aspect of the present 

invention, a photoelectric conversion circuit for receiving 
light and converting the received light into electricity includes 
a photodiode for generating a current based on the received light, 
and a variable current supply for generating a current to offset 
the current generated by the photodiode. 

[0022] The. summary of the invention does not necessarily 

describe all necessary features of the present invention* The 
present invention may also be a sub-combination of the features 
described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig* 1 shows an example of the configuration of 

a test apparatus 100 related to the present invention- 

[0024] Figs . 2Aand 2B show an example of the configuration 

of a data transmission apparatus 60. Specifically, Fig. 2A 
schematically shows the configuration of a data transmission 
apparatus 60. Fig. 2B shows an example of the configuration 
of a transmitting unit 62 and a receiving unit 68. 

[0025] Figs • 3Aand 3B show an example of the configuration 

of a transmitting unit 62 and a receiving unit 68 . Specifically, 
Fig . 3A shows an example of the configuration of a transmitting 
unit 62. Fig. 3B shows an example of the configuration of 
a receiving unit 68. 
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[0026) Figs. 4A, 4B and 4C show another example of the 

configuration of a receiving unit 68, Specifically, Fig. 4A 
shows a variable current supply 76 being electrically coupled 
to the collector terminal of a first transistor 102. Fig. 
4B shows further another example of a receiving unit 68. Fig. 
4C shows further another example of a receiving unit 68. 

DETAILED DESCRIPITON OF THE INVENTION 

£0027] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope 
of the present invention, but exemplify the invention. All 
of the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 

[0028] Fig. 1 shows an example of the configuration of 

a test apparatus 100 related to the present invention. The 
test apparatus 100 performs the test of an electronic device 
30. The test apparatus 100 includes a pattern generating unit 
10, a wavef ormadjusting unit 20, a data transmission apparatus 
60, and a judging unit 50. 

[0029] The pattern generating unit 10 generates a test 

signal for the test of the electronic device 30, and supplies 
it to the waveform adjusting unit 20. And the pattern 
generating unit 10 generates an expected signal which the 
electronic device 30 is supposed to output when receiving the 
test signal, and supplies it to the judging unit 50. 
[0030] The waveform adjusting unit 20 adjusts the test 

signal received, and supplies it to the data transmission 
apparatus 60. The waveform adjusting unit 20 may supply the 
test signal adjusted at desired timing. 

[0031] The data transmission apparatus 60 supplies the 
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received test signal to the test head 4 0 . The data transmission 
apparatus 60 converts electric communication data into optical 
communication data in order to transmit the data. 
[0032] In this embodiment, the data transmission 

apparatus 60 is an optical transmission apparatus for 
converting the test signal as an example of the electric 
communication data into optical communication data to transmit 
the data, and restoring the transmitted optical communication 
data into the test signal • Since the test signal is transmitted 
to the test head 40 based on optical transmission, the data 
transmission can performed at high speed even though the 
pattern generating unit 10 and the waveform adjusting unit 
20 are distanced from the test head 40. 

[0033] The test head 40 contacts the electronic device 

30 to send and receive signals with the electronic device 30. 
For example, the test head 40 supplies the received test signal 
to the electronic device 30, and receives the output signal 
outputted by the electronic device 30. The test head 40 
supplies the received output signal to the judging unit 50, 
And the test head 40 may contact a plurality of electronic 
devices 30 to perform signal transmission. 

[0034] The judging unit 50 judges the quality of the 

electronic device 30 based on the output signal outputted by 
the electronic device 30 in response to the test signal. The 
judging unit 50 compares the expected signal generated by the 
pattern generating unit 10 with the output signal outputted 
by the electronic device 30 to judge the quality of the 
electronic device 30. 

[0035] . Figs. 2Aand 2B show an example of the configuration 
of the data transmission apparatus 60. Fig. 2A schematically 
shows the configuration of the data transmission apparatus 
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60. The data transmission apparatus 60 includes a plurality 
of transmitting units 62 and a plurality of receiving units 
68 . The transmitting units 62 convert and send the transmitted 
electric communication data into optical communication data. 
[0036] In this embodiment, the transmitting units 62 

receive the test signals from the waveform adjusting unit 20, 
and convert and send the test signals into optical 
communication data. 

[0037] The receiving units 68 receive the optical 

communication data sent from the transmitting units 62, and 
convert the received optical communication data into the 
electric communication data. In this embodiment, the 
receiving units 68 convert the received optical communication 
data into the test signal, and supply the data to the test 
head 40. 

[0038] And the data transmission apparatus 60 includes 

optical fibers which are an example of optical waveguides 
between the transmitting units 62 and the receiving units 68. 
The transmitting units 62 send the optical communication data 
to the receiving units 68 via the optical fibers . In addition, 
the data transmission apparatus 60 may include a 
serial-parallel converting unit for receiving serial data as 
the test signal from the waveform adjusting unit 20 and 
converting the test signal into parallel data, and a 
parallel-serial converting unit for converting the test 
signals outputted by the receiving units 68 into the serial 
data. 

[0039] Fig. 2B shows an example of the configuration of 

a transmitting unit 62 and a receiving unit 68 . The receiving 
unit 62 includes a converting unit 64 and a laser diode 66. 
The converting unit 64 modulates the test signal. The laser 
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diode 66 generates the optical communication data based on 
the electric communication data^ and sends the data to the 
optical fiber 74. In this embodiment^ the laser diode 66 
converts the modulated test signal into the optical 
communication data^ and sends the data to the optical fiber 
74- In addition, the laser diode 66 is given a bias current 
larger than the laser oscillation threshold current of the 
laser diode 66 . Since the laser diode 66 is given a bias current 
larger than the laser oscillation threshold current of the 
laser diode 66, the light emission delay time of the laser 
diode 66 can be reduced, and the deviation of the light emission 
delay time of each laser diode 66 of the transmitting units 
62 can be reduced. Although the light emission delay time 
depends on the pattern of the test signal when the bias current 
is smaller than the laser oscillation threshold current, 
according to the transmitting units 62 of this embodiment, 
the light emission delay time of the laser diode 66 can be 
constant regardless of pattern of the test signal • In addition, 
since the laser diode 66 is given a bias current larger than 
the laser oscillation threshold current of the laser diode 
66, the relaxation oscillation can be decreased at the rise 
and fall of the waveform of the optical communication data 
generated by the laser diode 66- 

[0040] The receiving unit 68 converts the optical 

communication data sent from the transmitting units 62 into 
the test signal- The receiving unit 68 includes a light 
receiving unit and a converting unit 72 . In this embodiment, 
the light receiving unit includes a photodiode 70, The 
photodiode 70 generates a current based on the optical 
communication data received. The photodiode 70 is given a 
bias voltage. The converting unit 72 converts the current 
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generated by the photodiode 70 into the test signal. 
10041] Figs • 3A and 3B show an example of the configuration 

of a transmitting unit 62 and a receiving unit 68. Fig. 3A 
shows an example of the configuration of the transmitting unit 
62. The transmitting unit 62 includes a converting unit 64, 
a laser diode 66, and a current supply 84 . In this embodiment, 
the converting unit 64 receives the test signal from the 
waveform adjusting unit 20, and modulates and supplies the 
strength of the received test signal to the laser diode 66. 
[0042] The laser diode 66 generates the optical 

communication data based on the test signal received, and sends 
the data to the optical fiber 74 . As above, the current supply 
84 supplies a bias current larger than the laser oscillation 
threshold current of the laser diode 66 to the laser diode 
66. The cathode of the laser diode 66 and the current supply 
84 are electrically coupled via the path B2b. The anode of 
the laser diode 66 is electrically coupled to the converting 
unit 64 via the path 82a. The impedance of the paths 82a and 
82b is preferably the same as the forward-biased impedance 
of the laser diode 66. The paths 82 may be microstrip lines. 
Since the impedance of the paths 82a and 82b is approximately 
the same as that of an equivalent circuit of the laser diode, 
the reflection of the signal at the contact point between the 
paths 82 and the laser diode 66 can be reduced, and the 
deterioration . of the signal waveform can be reduced, 
[0043] Fig. 3B shows an example of the configuration of 

the receiving unit 68. The receiving unit 68 includes a 
photoelectric conversion circuit 120 and a variable setting 
unit. The photoelectric conversion circuit 120 includes a 
light receiving unit 80 and a converting unit 72. The light 
receiving unit 80 includes a photodiode 70 as described above 
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to convert the optical coininunication data into a current- In 
this embodiment, the light receiving unit 80 generates a 
current based on the optical communication data, and supplies 
the generated current to the converting unit 72. The 
converting unit 72 may be a current-voltage converter for 
converting the current generated by the light receiving unit 
80 into the voltage. The converting unit 72 outputs the test 
signal which is electric communication data based on the 
current generated by the light receiving unit 80 . The variable 
setting unit sets the photoelectric conversion circuit to 
generate predetermined electric communication data in 
response to the level of the optical communication data. In 
this embodiment, the variable setting unit is a variable 
current supply 76. 

[0044] The light receiving unit 80 includes a photodiode 

70 and paths 78. The photodiode 70 generates a current based 
on the optical communication data, When the photodiode 7 0 
generates a current, the emitter current of a first transistor 
102 described below decreases. The variable current supply 
76 is electrically coupled to the anode of the photodiode 70. 
Since the variable current supply 7 6 is provided, the emitter 
current of the first transistor 102 increases . In other words, 
the variable current supply 76 subtracts a predetermined 
current from a current value indicating the magnitude of the 
current generated by the photodiode 70, and adds an offset 
to the output of the photodiode 70. The photoelectric 
conversion circuit 80 supplies the current subtracted by the 
variable current supply 76 to the converting unit 72. 
[0045] The converting unit 72 includes a first resistor 

94, a second resistor 96, a voltage supply 98, a first transistor 
102, a second transistor 104, a first current supply 106, a 
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second current supply 108, and a comparator 110, 
[0046] As shown in Fig. 3B, the first resistor 94 is 

provided in parallel to the photodiode 70, and its one end 
is electrically coupled to the cathode of the photodiode 70. 
The first transistor 102 is provided in series to the first 
resistor 94, its collector terminal is electrically coupled 
to the other end of the first resistor 94, and the emitter 
terminal is electrically coupled to the variable current supply 
76. The first current supply 106 is electrically coupled to 
the emitter terminal of the first transistor 102, and provided 
in parallel to the variable current supply 76. The voltage 
supply 98 applies a predetermined voltage to the base terminal 
of the first transistor 102. The comparator 110 compares a 
current changing in response to the magnitude of the current 
generatedby the light receiving unit 80, i.e. a current flowing 
through the first resistor 94 with a reference current flowing 
through the second resistor 96, and generates the electric 
communication data. In this embodiment, the comparator 110 
judges whether the collector voltage of the first transistor 
102 based on the current flowing through the first resistor 
94 is larger than the reference value of the reference current 
or not . 

[0047] The second resistor 96 is provided in parallel 

to the first resistor 94, and electrically coupled to the ground 
at its one end. The second transistor 104 is provided in series 
to the second resistor 96, and its collector terminal is 
electrically coupled to the second resistor 96. The first 
transistor 102, as shown in Fig. 3B, is an emitter-input 
base-ground transistor. Since the first transistor 102 is 
provided, the input impedance of the converting unit 72 can 
be reduced. The second current supply 108 is electrically 
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coupled to the emitter terminal of the second transistor 104, 
and provided in parallel to the variable current supply 76. 
In addition, the voltage supply 98 applies a predetermined 
voltage to the base terminal of the second transistor 104 ^ 
and the comparator 110 receives the collector voltage of the 
second transistor 104 as the reference value described above. 
As shown in Fig, it is shown that the reference value is 

approximately constant . The ratio of resistance of resistors 
94 and 96 can be easily set with high precision. Accordingly, 
the comparator 110 can judge H or L logic of the signal flowing 
through the resistor 94 with high precision. 
[0048] In addition, although the comparator 110 receives 

the collector voltage of the second transistor 104 as the 
reference value, alternatively, the converting unit 72 may 
include a second voltage supply generating a predetermined 
voltage, and the comparator 110 may receive the reference value 
from the second voltage supply. 

[0049] In this embodiment, the impedance of the first 

resistor 94 is approximately the same as that of the second 
resistor 96* In addition^ the first and second transistors 
102 and 104 have approximately the same characteristics. In 
addition, the first and second power supplies 106 and 108 
generate approximately the same current. 

[0050] In this embodiment, it is preferable that the 

impedance of the path 78b be approximately the same as the 
input impedance of the emitter of the first transistor 102, 
Since the impedance of the path 78b is approximately the same 
as the input impedance of the emitter of the first transistor 
102^ the reflection of the signal at the contact point between 
the path 78b and the first transistor 102 can be reduced. The 
paths 78 may be microstrip lines. 
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[0051] Hereinafter^ the operation of the receiving unit 

68 will be described- When the photodiode 70 receives H logic, 
the photodiode 70 generates a reverse current, and the current 
flowing through the resistor 94 changes. The comparator 110 
judges whether the photodiode 70 receives H or L logic based 
on the change in the current. 

[0052] Since the laser diode 66 of the transmitting units 

62 in this embodiment is given a bias current larger than the 
laser oscillation threshold current, it always emits light. 
Accordingly, the photodiode 70 always detects the light, and 
generates the current* Therefore, although L logic is 
transmitted as the optical communication data, there is a 
possibility that the current generated by the photodiode 70 
becomes zero. The variable current supply 76 subtracts a 
predetermined current from the current generated by the 
photodiode 70. Accordingly, even if the photodiode 70 
generates the current described above, the comparator 110 can 
detect H or L logic. 

[0053] . In this embodiment, the variable current supply 
76 subtracts a current, which is equivalent to the 
approximately average value of the currents generated by the 
photodiode 70 when receiving H and L logics respectively, from 
the current generated by the photodiode 70. In addition, the 
variable current supply 76 may subtract a current, which is 
approximately half the value of the current generated by the 
photodiode 70 when receiving H logic, from the current 
generated by the photodiode 70. 

[0054] The receiving units 68 may include means for 

detecting the current value generated by the photodiode 70, 
and a controlling unit for controlling the amount of current 
to be subtracted by the variable current supply 76 based on 



the detected current value. For examplOr each of the 
transmitting units 62 detects H or L logic in advance, and 
the receiving unit 68 preferably calibrates the amount of 
current with regard to the variable current supply 7 6 in advance 
based on the current value generated by the photodiode 70 when 
the transmitting unit 62 detects H or L logic. 
[0055] In addition, since the characteristics such as 

attenuation of each of optical fibers 74 of a plurality of 
channels, the electro-optic conversion efficiency of the laser 
diode 66 in response to each of the channels, and the 
photoelectric conversion efficiency of the photodiode in 
response to each of the channels are different, the photodiodes 
70 might generate different currents respectively, even if 
sending the same signal to the channels . The variable current 
supply 7 6 may subtract the current for the adjustment of that 
deviation from the current generated by the photodiode 70, 
[0056] As above, according to the data transmission 

apparatus 60 in this embodiment, since the laser diode 66 is 
given a bias current larger than the laser oscillation 
threshold current, the deviation of the data delay time in 
the transmitting unit 62 can be reduced. In addition^ since 
the variable current supply 76 is provided in the receiving 
unit 68, the skew between the channels can be reduced, and 
the comparator 110 can detect H and L logics with high precision . 
Accordingly, the test apparatus 100 can test the electronic 
device 30 highly accurately and efficiently. 
[0057] In addition, it is obvious that the data 

transmission apparatus 60 described in connection with Figs. 
1 to 3 can also be used in general parallel data transmission. 
Even in the general parallel data transmission, it is possible 
to obtain the same effect as that of the data transmission 
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apparatus 60 described in connection with Figs. 1 to 3- 
[0058] In addition^ although the variable current supply 

7 6 in this embodiment is electrically coupled to the anode 
of the photodiode 70, alternatively, the variable current 
supply 76 may be coupled to another position. Hereinafter, 
another example of the configuration of the receiving unit 
68 will be described, 

[0059] Figs . 4A to 4C show another example of the 

configuration of the receiving unit 68. The variable current 
supply 7 6 related to Figs. 4A to 4C has the same or similar 
configuration as that of the variable current supply 7 6 
described in connection with Figs. 3A and 3B. Fig. 4A shows 
the variable current supply 76 being electrically coupled to 
the collector terminal of the first transistor 102, The 
variable current supply 76 subtracts a predetermined current 
from the current flowing through the first resistor 94, i.e. 
the current changing in response to the magnitude of the current 
generated by the light receiving unit 80. In other words, 
the variable current supply 76 subtracts a predetermined 
current value from the current indicating the magnitude of 
the current generated by the light receiving unit 80, and adds 
an offset to the output of the photodiode 70 equivalently . 
The data transmission apparatus 60 of this embodiment can also 
provide the same effect as the data transmission apparatus 
60 described in connection with Fig* 3. 

[0060] Fig. 4B shows further another example of the 

receiving unit 68. In this embodiment, the variable current 
supply 76 is electrically coupled to the emitter terminal of 
the second transistor 104. The variable current supply 7 6 
sets the photoelectric conversion circuit 120 by adding a 
predetermined current value to a reference current value of 
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the comparator 110. In other words, the variable current 
supply 7 6 adds a predetermined current value to the reference 
current of the comparator 110 to add an offset to the output 
of the photodiode 70 equivalently . The data transmission 
apparatus 60 of this embodiment can also provide the same effect 
as the data transmission apparatus 60 described in connection 
with Fig. 3. 

[0061] Fig. 4C shows further another example of the 

receiving unit 68. In this embodiment, the variable current 
supply 7 6 is electrically coupled to the inverting input of 
the comparator 110 . Also in this embodiment, like the example 
shown in Fig. 4B, the variable current supply 7 6 adds a 
predetermined current value to the reference current of the 
comparator 110 to add an offset to the output of the photodiode 
70 equivalently. The data transmission apparatus 60 of this 
embodiment can also provide the same effect as the data 
transmission apparatus 60 described in connection with Fig. 
3. 

[0062] In addition, although the variable setting unit 

in this embodiment is the variable " current supply 76r 
alternatively, the variable setting unit may change the 
resistance of the first or second resistor 94 or 96. In other 
words, the variable setting unit may change the resistance 
of the first or second resistor 94 or 96 which is a variable 
resistor in order to add an offset to the output of the photodiode 
70. In this case, the variable setting unit may change the 
resistance of the first or second resistor 94 or 96 in response 
to the current values generated by the photodiode 70 when 
receiving H and L logics . In further another embodiment, the 
variable setting unit may be a variable voltage supply. For 
example^ the variable voltage supply may be provided in series 



between the first or second resistor 94 or 96 and the ground. 
10063 J Although the present invention has been described 

by way of exemplary embodiments^ it should be understood that 
those skilled in the art might make many changes and 
substitutions without departing from the spirit and the scope 
of the present invention, which is defined only by the appended 
claims . 

Industrial Applicability 

[0064] As obvious from the description above, according 

to a data transmission apparatus of the present . invention, 
it is possible to preform data communication with low 
transmission skew between channels. In addition, the test 
apparatus can perform the test of the electronic device highly 
accurately and efficiently. 



